Few studies compared diagnostic accuracy of GPR with other non-invasive fibrosis tests based on blood parameters. We analyzed diagnostic values of GPR for detecting liver fibrosis and compared diagnostic performances of GPR with APRI (aspartate aminotransferase-toplatelet ratio index), FIB-4 (fibrosis index based on the four factors), NLR (neutrophil-to-lymphocyte ratio), AAR (aspartate aminotransferase/alanine aminotransferase ratio) and RPR (red cell distribution width-to-platelet ratio) in HBeAg positive CHB and HBeAg negative CHB. We found AUROCs of GPR in predicting significant liver fibrosis, advanced liver fibrosis and liver cirrhosis were 0.732 (95% CI 0.663 to 0.801), 0.788 (95% CI 0.729 to 0.847) and 0.753 (95% CI 0.692 to 0.814), respectively. Further comparisons showed the diagnostic performance of GPR was not significantly different with APRI, FIB-4 and RPR in identifying significant fibrosis, advanced fibrosis and cirrhosis, but it was significantly superior to AAR and NLR in both HBeAg positive CHB and HBeAg negative CHB. In conclusion, GPR does not show advantages than APRI, FIB-4 and RPR in identifying significant liver fibrosis, advanced liver fibrosis and liver cirrhosis in both HBeAg positive CHB and HBeAg negative CHB in China.
advantage of comprising only two or three inexpensive laboratory tests are recommend as non-invasive tools to detect significant fibrosis in resource-limited settings in World Health Organization (WHO) guidelines 12 . However, APRI and FIB-4 can only identify HBV-related fibrosis with a moderate sensitivity and accuracy 13, 14 . Recently, the gamma-glutamyl transpeptidase (GGT) to platelet ratio (GPR) had been developed to be a novel and more accurate routine laboratory marker than classical biomarkers APRI and FIB-4 to estimate liver fibrosis in patients with chronic hepatitis B (CHB) in West Africa cohorts (Gambia cohort and Senegal cohort), but it was not superior to APRI and FIB-4 in a French cohort 15 . The GPR also did not show any advantage in a Brazilian cohort and a Chinese cohort 16, 17 . Furthermore, several novel models based on blood or serum parameters such as AST/alanine aminotransferase (ALT) ratio (AAR), neutrophil-to-lymphocyte ratio (NLR) and red cell distribution width (RDW)-to-platelet ratio (RPR) have been proposed to predict significant fibrosis and cirrhosis over the past decade in CHB patients with relatively high accuracy 18 . However, few studies compared the difference of diagnostic accuracy of GPR with these NITs.
In the present study, we analyzed the diagnostic values of GPR for significant liver fibrosis (≥F2), advanced liver fibrosis (≥F3) and liver cirrhosis (F4) in CHB patients in China and compared the diagnostic performances of GPR with other NITs including APRI, FIB-4, NLR, AAR and RPR. Furthermore, we compared the diagnostic accuracy of GPR with other NITs in both hepatitis B e antigen (HBeAg) positive CHB and HBeAg negative CHB in the present study.
Results
Study population. Three hundred and thirty-two patients with CHB were enrolled. Supplementary Figure S1 summarizes the flow diagram of the study population. Of these, 27 patients were excluded based on exclusion criteria, and 49 patients were excluded because of inappropriate biopsy samples or insufficient data. Two hundred and fifty-six CHB patients who met the eligibility criteria were included as study subjects for the following analysis. The demographic and clinical characteristics of the subjects are shown in Table 1 . The median (and IQR) age of the CHB patients was 38.0 (29.0-46.0) and 79.7% of the patients was male. 142/256 (55.5%) CHB patients were positive for HBeAg and the median (and IQR) HBV DNA levels was 5.3 (3.3, 6.8) log10 copies/ml. The median (and IQR) ALT and AST levels were 42.0 (28.0, 79.8) IU/L and 36.0 (26.0, 58.5) IU/L, respectively. The distribution of fibrosis stages was: F0 (13.3%), F1 (16.0%), F2 (12.5%), F3 (25.8%) and F4 (32.4%).
Comparisons of different NITs according to the fibrosis stages in CHB patients. Comparisons of different NITs according to the fibrosis stages in CHB patients are presented in Fig. 1 . The APRI, FIB-4, RPR and GPR showed an increasing trend with fibrosis stages in CHB patients. The correlations of six NITs with liver fibrosis stages were analyzed by the Spearman's rank correlation coefficient analysis. The GPR (r = 0.511, P < 0.001) and established non-invasive markers including APRI (r = 0.404, P < 0.001), FIB-4 (r = 0.503, P < 0.001), AAR (r = 0.167, P = 0.007) and RPR (r = 0.421, P < 0.001) were positively correlated with liver fibrosis stages. However, the NLR (r = −0.106, P = 0.091) was not correlated with liver fibrosis stages (Supplementary Figure S2) . Comparisons of diagnostic performance between GPR and other established NITs in the entire CHB population. The ROC curves of six models for predicting significant liver fibrosis (≥F2), advanced liver fibrosis (≥F3) and liver cirrhosis (F4) in the entire CHB population are shown in Fig. 2 . The diagnostic performances of different NITs are presented in Table 2 . The AUROCs of GPR in predicting significant fibrosis, advanced fibrosis and liver cirrhosis were 0.732 (95% CI 0.663 to 0.801), 0.788 (95% CI 0.729 to 0.847) and 0.753 (95% CI 0.692 to 0.814), respectively. The optimal cut-off values of GPR for predicting significant fibrosis, advanced fibrosis and liver cirrhosis were 0.341, 0.413 and 0.637.
For predicting significant fibrosis, AUROC of GPR was significantly higher than of NLR (0.465, 95% CI 0.388 to 0.541, P < 0.001), AAR (0.586, 95% CI 0.513 to 0.658, P = 0.013) and RPR (0.691, 95% CI 0.621 to 0.760, P < 0.001), but was comparable with APRI (0.719, 95% CI 0.650 to 0.787, P = 0.640) and FIB-4 (0.741, 95% CI 0.679 to 0.806, P = 0.777).
For predicting advanced fibrosis, AUROC of GPR was higher than that of APRI (0.713, 95% CI 0.649 to 0.777, P = 0.008), NLR (0.409, 95% CI 0.338 to 0.479, P < 0.001) and AAR (0.545, 95% CI 0.474 to 0.617, P = 0.013), but was comparable with that of FIB-4 (0.757, 95% CI 0.697 to 0.817, P = 0.339) and RPR (0.721, 95% CI 0.658 to 0.787, P = 0.053). Table 2 . Diagnostic accuracy of different indexes for the prediction of liver fibrosis in CHB patients. *Compared with GPR. AUROC, area under the receiver operating characteristic curve; CI, confidence interval; LR−, negative likelihood ratio; LR+, positive likelihood ratio; AAR, aspartate aminotransferase/alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the four factors; GPR, gamma-glutamyl transpeptidase to platelet ratio; NLR, neutrophil-to-lymphocyte ratio; RPR, red cell distribution width-to-platelet ratio.* threshold recommended by the WHO 12 . For predicting cirrhosis, AUROC of GPR was higher than that of APRI (0.686, 95% CI 0.616 to 0.755, P = 0.020), NLR (0.446, 95% CI 0.370 to 0.523, P < 0.001) and AAR (0.622, 95% CI 0.552 to 0.693, P = 0.012), but was similar with FIB-4 (0.762, 95% CI 0.702 to 0.823, P = 0.769) and RPR (0.738, 95% CI 0.671 to 0.804, P = 0.655).
We also analyzed the diagnostic performances of APRI and FIB-4 according to the thresholds recommended by the WHO 12 ( Table 2 ). The sensitivities and specificities were consistent with the WHO CHB guidelines. The APRI and FIB-4 could detect significant fibrosis and cirrhosis with only moderate sensitivities and specificities by the lower thresholds. For APRI and FIB-4, the higher threshold yielded a sensitivity of merely 20%, although the specificity was high at nearly 100%. GPR was not significantly better than the WHO recommended non-invasive tests for detection of fibrosis.
Comparisons of diagnostic performance between GPR and other established NITs in HBeAg positive CHB and HBeAg negative CHB. The baseline characteristics between HBeAg positive CHB and
HBeAg negative CHB were presented in Supplementary Table S1 . The median ages of HBeAg negative CHB (43.5, IQR 36.0 to 48.0) were significantly higher than that of HBeAg positive CHB (34.0, IQR 27.0 to 42.0, P < 0.001). The ALT (P < 0.001) and AST (P < 0.001) levels in the HBeAg positive CHB were significantly higher than that of HBeAg negative CHB. The median levels of HBV DNA were also higher in the HBeAg positive CHB (6.6, IQR 5.4 to 7.4) compared to HBeAg negative CHB (3.3, IQR 3.0 to 4.8, P < 0.001). However, the distributions of liver fibrosis stages were similar between these two groups (P = 0.508).
The ROC curves of six models for predicting significant liver fibrosis, advanced liver fibrosis and liver cirrhosis in HBeAg positive CHB and HBeAg negative CHB are shown in Figs 3 and 4 , respectively. We compared the diagnostic accuracy of the non-invasive indexes in both HBeAg positive CHB (Table 3) and HBeAg negative CHB (Table 4 ). In general, the diagnostic performance of GPR was not significantly different with APRI, FIB-4 and RPR in identifying significant fibrosis, advanced fibrosis and cirrhosis, but it was significantly superior to the AAR and NLR.
For predicting significant fibrosis, the AUROC of GPR (0.737, 95% CI 0.646 to 0.828) was significantly higher than of NLR (0.461, 95% CI 0.351 to 0.570, P < 0.001), AAR (0.554, 95% CI 0.455 to 0.652, P = 0.020), but was comparable with APRI (0.730, 95% CI 0.641 to 0.820, P = 0.845), FIB-4 (0.706, 95% CI 0.619 to 0.793, P = 0.421) and RPR (0.702, 95% CI 0.614 to 0.790, P = 0.436) in HBeAg positive CHB. In HBeAg negative CHB, the AUROC of GPR (0.709, 95% CI 0.598 to 0.820) was also significantly higher than of NLR (0.477, 95% CI 0.372 to 0.582, P = 0.002), but was similar to APRI (0.709, 95% CI 0.599 to 0.820, P = 0.994), FIB-4 (0.785, 95% CI 0.698 to 0.873, P = 0.240), AAR (0.621, 95% CI 0.512 to 0.729, P = 0.336) and RPR (0.667, 95% CI 0.549 to 0.784, P = 0.523).
For predicting advanced fibrosis, AUROC of GPR was significantly higher than that of NLR and AAR, but was comparable with that of APRI, FIB-4 and RPR in both HBeAg positive CHB and HBeAg negative CHB.
For predicting cirrhosis, AUROC of GPR (0.793, 95% CI 0.719 to 0.867) was significantly higher than that of NLR (0.381, 95% CI 0.279 to 0.483, P < 0.001) and slightly higher than that of APRI (0.718, 95% CI 0.627 to 0.810, P = 0.042), but was similar with FIB-4 (0.792, 95% CI 0.711 to 0.873, P = 0.984) and AAR (0.668, 95% CI 0.569 to 0.767, P = 0.070) and RPR (0.799, 95% CI 0.713 to 0.886, P = 0.879) in HBeAg positive CHB. In HBeAg negative CHB, the AUROC of GPR (0.706, 95% CI 0.606 to 0.807) was also higher than that of NLR (0.494, 95% CI 0.380 to 0.607, P = 0.011) and was comparable with APRI (0.658, 95% CI 0.554 to 0.762, P = 0.314), FIB-4 (0.716, 95% CI 0.621 to 0.812, P = 0.858), AAR (0.549, 95% CI 0.443 to 0.655, P = 0.053) and RPR (0.669, 95% CI 0.566 to 0.771, P = 0.487).
For both HBeAg positive CHB and HBeAg negative CHB, the APRI and FIB-4 could detect significant fibrosis and cirrhosis with only moderate sensitivities and specificities according to the lower thresholds recommended by the WHO in both HBeAg positive CHB and HBeAg negative CHB. The higher threshold yielded a sensitivity of merely 10-20%, although the specificity was relatively high at nearly 80-100%. GPR was not significantly better than the WHO recommended non-invasive tests for detection of fibrosis in both HBeAg positive CHB and HBeAg negative CHB.
Discussion
Early diagnosis and accuracy assessment of liver fibrosis or cirrhosis may play an important role not only in the control of disease progression, but also in therapeutic judgment for chronic HBV infection 3 . LB is considered as the gold standard for diagnosing liver fibrosis for CHB patients. However, sampling errors, poor reproducibility and invasiveness have limited its use 3 . Many investigators have attempted to propose noninvasive methods to assess liver fibrosis. The perfect noninvasive method should be simple, inexpensive, reliable and accurate in staging liver fibrosis 13 . Several non-invasive methods such as APRI, FIB-4, AAR, NLR and RPR using laboratory tests to predict liver fibrosis have been proposed over the past decade. The application of these indexes may reduce the need for liver biopsy in CHB patients especially in resource-limited settings.
APRI and FIB-4 are the two noninvasive methods for diagnosis liver fibrosis receiving the most attention. Teshale et al. determined the predictive ability of APRI and FIB-4 in a large cohort of CHB patients and they found that APRI and FIB-4 distinguished F2-F4 from F0-F1 with good sensitivity and specificity 19 . APRI and FIB-4 were also reported to have a high AUROC to detect significant fibrosis and cirrhosis in patients with CHB in East Africa and Asia 20, 21 . Given that the APRI and FIB-4 are readily available, they have been used in clinical practice. The WHO CHB guidelines have also recommend APRI to determine fibrosis stage in resource-limited countries 12 . However, recently, a meta-analysis suggested that APRI and FIB-4 could identify liver fibrosis with a only moderate sensitivity and accuracy in CHB patients, and were not an ideal replacement for liver biopsy 13 . In the present study, we also analyzed the diagnostic performances of APRI and FIB-4 according to the thresholds recommended by the WHO. For both HBeAg positive CHB and HBeAg negative CHB, by the lower thresholds, the APRI and FIB-4 could detect significant fibrosis and cirrhosis with only moderate sensitivities and specificities. Although, the higher thresholds yielded a specificity of 80-100%, the sensitivity was only 10-20% both to detect significant fibrosis and cirrhosis. Our results were consistent with others 12 . Recently, another study also Table 3 . Diagnostic accuracy of different indexes for the prediction of liver fibrosis in HBeAg positive CHB. *Compared with GPR. AUROC, area under the receiver operating characteristic curve; CI, confidence interval; LR−, negative likelihood ratio; LR+, positive likelihood ratio; AAR, aspartate aminotransferase/alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the four factors; GPR, gamma-glutamyl transpeptidase to platelet ratio; NLR, neutrophil-to-lymphocyte ratio; RPR, red cell distribution width-to-platelet ratio. *Threshold recommended by the WHO 12 .
revealed that the sensitivity for APRI was low and only 10% of patients with cirrhosis were detected using APRI at the WHO recommended threshold in patients with CHB in East Africa 20 . GPR is a novel index to estimate liver fibrosis in patients with CHB in West Africa cohorts 15 . In the study by Lemoine et al., GPR was showed to be more accurate than classical biomarkers APRI and FIB-4 15 . Furthermore, GPR are reported to predict significant liver fibrosis and cirrhosis well in a large cohort of HBV mono-infected Gambian patients using locally validated FibroScan measures as a reference 22 . However, it did show controversial advantage in a Brazilian cohort and other Chinese cohorts 16, 17, 23, 24 . We performed a validation analysis for GPR in the present study. In our study, although the AUROC of GPR was slightly higher than APRI in predicting advanced fibrosis and cirrhosis in CHB patients, it was not superior to the FIB-4 in identifying significant fibrosis, advanced fibrosis and cirrhosis in CHB patients in China.
To determine why the GPR, which shows application prospect in West Africa, is not useful in other cohorts, we compared the baseline characteristics of the study population of these studies [15] [16] [17] . We found that one important factor was that the HBeAg states of patients were quite different in these studies [15] [16] [17] . In the study by Lemoine et al., most of patients are HBeAg seronegative in the Gambia cohort (96%) and Senegal cohort (83%) 15 . But, the HBeAg seropositive is 57.5% and 53% in the cohorts reported by Li et al. and Schiavon et al., respectively 16, 17 . Thus, we compared the diagnostic accuracy of GPR with other non-invasive indexes according to the HBeAg states. For HBeAg positive CHB, the diagnostic performances of GPR was superior to APRI in identifying cirrhosis but was comparable with FIB-4 in identifying significant fibrosis, advanced fibrosis and cirrhosis. For HBeAg negative CHB, the GPR does not show any advantages than APRI and FIB-4 to predict significant fibrosis, advanced fibrosis and cirrhosis. Thus, the HBeAg states are not responsible for the discrepancies. We consider these discrepancies might be related to variations in inclusion and exclusion criteria for patients, laboratory methods, HBV genotypes, different histological scoring systems and even demographic characteristics.
AAR, NLR and RPR are also proposed to predict the degrees of liver fibrosis recent years. However, in our study, the relationship between degrees of liver fibrosis and the AAR scores was not significant, indicating that AAR is not a good method for the estimation of fibrosis stage in patients with CHB. Our results are consistent with others 25, 26 . The NLR could predict the advanced fibrosis and cirrhosis in HBeAg positive CHB. However, Table 4 . Diagnostic accuracy of different indexes for the prediction of liver fibrosis in HBeAg negative CHB. *Compared with GPR. AUROC, area under the receiver operating characteristic curve; CI, confidence interval; LR−, negative likelihood ratio; LR+, positive likelihood ratio; AAR, aspartate aminotransferase/alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the four factors; GPR, gamma-glutamyl transpeptidase to platelet ratio; NLR, neutrophil-to-lymphocyte ratio; RPR, red cell distribution width-to-platelet ratio. the specificity was very low (14.06% and 2.97%, respectively) and it did not predict the degrees of liver fibrosis in HBeAg negative CHB in our study. GPR was significantly superior to AAR and NLR in predicting the degrees of liver fibrosis. The RPR was reported to predict significant fibrosis and cirrhosis in CHB patients with relatively high accuracy by several studies 18, 27, 28 . In our study, we also found that the RPR could predict significant fibrosis, advanced fibrosis and cirrhosis with a relative high accuracy in both HBeAg positive CHB and HBeAg negative CHB. Few study compared the diagnostic accuracy in predicting the degrees of liver fibrosis between RPR and GPR. GPR did not show any advantage to RPR in predicting significant fibrosis, advanced fibrosis and cirrhosis in both HBeAg positive CHB and HBeAg negative CHB in our study.
There are several limitations to this study that warrant consideration. Firstly, the study is a retrospective study and the patients were enrolled retrospectively. Secondly, the HBV genotypes of the patients were not assessed. The determination of the HBV genotype is not a routine clinical test. Thirdly, the GPR was not dynamically observed. Whether GPR may be superior to other NITs in evaluating regression of fibrosis after long-term antiviral suppression of HBV or predicting liver-related end-points, such as hepatic decompensation or HCC deserves further investigation. Finally, this study involved a single center which may be subjected to selection bias.
In summary, although GPR showed an acceptable diagnostic performance for the detection of advanced liver fibrosis in Chinese patients with CHB and represent a routinely available, inexpensive and easily calculated index, it does not show advantages than APRI, FIB-4 and RPR in identifying significant fibrosis, advanced fibrosis and cirrhosis in both HBeAg positive CHB and HBeAg negative CHB. However, it should also be noted that the sample size was relatively small in our study. Thus, the superiority of the predictive performance of GPR should be further confirmed in multi-center, prospectively studies with larger sample sizes. Furthermore, these non-invasive methods (GPR, APRI, FIB-4 and RPR) generally can give moderate estimates in the diagnosis of significant fibrosis and liver cirrhosis. These non-invasive methods should be use with cautious in CHB patients. Serum biomarkers based on blood or serum parameters may be used in combination with other non-invasive tests such as imaging or elastography to improve the diagnostic accuracy of liver fibrosis. Data collection. We retrospectively reviewed the medical records of the included patients. The demographic, clinical and laboratory characteristics including routine blood test, liver enzymes, HBV serological markers and HBV DNA levels were recorded. The degrees of hepatic inflammation and fibrosis of all the patients were collected. The METAVIR scoring system was used as the pathological diagnosis standard of liver fibrosis. The liver fibrosis was classified into the following five stages: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare septa; F3, numerous septa without cirrhosis; and F4, cirrhosis 29 . The fibrotic stages were assessed by two experienced pathologists who were fully blinded to any clinical data according to the above-mentioned criteria.
Patients and Methods

Patients
Non-invasive prediction methods and calculation formulae. Statistical analyses. The data analysis was performed using SPSS version 22.0 software (SPSS Inc., Chicago, IL, United States) and SigmaPlot version 12.5 (Systat Software Inc., San Jose, CA, United States). Continuous variables were expressed as mean value ± standard deviation for normal distribution data or non-normal distribution continuous data as median (interquartile range (IQR)). Categorical data were reported as percentages. Correlations were evaluated by the Spearman's rank correlation coefficient analysis. The diagnostic performance of serum model for liver fibrosis was estimated by the receiver operating characteristic (ROC) curve and the area under the ROC curve (AUROC). Differences between the AUROCs were tested using the z-test. The cut-off values were determined by the Youden index which was the optimal combination of sensitivity and specificity. The sensitivity, specificity, positive likelihood ratio and negative likelihood ratio were also calculated based on established thresholds proposed by WHO CHB guidelines: 0.5 and 1.5 to distinguish F0-1 and F2-4,1.0 and 2.0 to differentiate F0-3 and F4 for APRI, 1.45 and 3.25 to distinguish F0-2 and F3-4 for FIB-4 12 . All P-values were 2-sided and any value of P < 0.05 was considered statistically significant.
